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GROUND OF THE INVENTION 

The present invention relates to a semiconductor device, 
more particularly, to a thin film transistor, for an 
electro-optical device and a method of manufacturing the 
same. Even more particularly, the present invention relates 
to a semiconductor circuit having a plurality of thin film 
transistors (TFT) for an electro-optical device. A TFT 
according to the present invention is formed on either an 
insulating substrate made of glass or the like or a 
semiconductor substrate made of single crystal silicon or 
the like. The present invention especially relates to a 
semiconductor circuit having a matrix circuit operating at a 
low speed and peripheral circuits operating at a high speed 
for driving the same such as a monolithic active matrix 
circuit (used for a liquid crystal display device or the 
like) . 

Recently, techniques for forming transistors utilizing a 
semiconductor thin film (thin film transistors (TFT) ) on a 
substrate made of glass or quartz have researched. 
Especially, techniques utilizing amorphous silicon as a 
semiconductor thin film has been put in practical use and 
are applied to active matrix type liquid crystal display 
devices or the like. 

However, a TFT utilizing amorphous silicon has a problem 
in that its has low characteristics. For example, the 
characteristics of a TFT utilizing an amorphous silicon film 
is too low to provide high display performance of an active 
matrix type liquid crystal display device. 

A technique for forming a TFT using a crystalline 
silicon film obtained by crystallizing an amorphous silicon 
film is known wherein an amorphous silicon film is 
transformed into a crystalline silicon film by performing a 
heating process or laser irradiation after forming an 
amorphous silicon film. In general, a crystalline silicon 
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film has a polycrystalline structure or a microcrystalline 
structure. A TFT formed by a crystalline silicon film 
provides characteristics much higher than those of a TFT 
formed by an amorphous silicon film. In mobility which is 
one of parameters for evaluating the characteristics of 
TFTs , a TFT utilizing an amorphous silicon film has mobility 
of 1 - 2 cm2/Vs or less while the mobility of a TFT 
utilizing a crystalline silicon film can be about 100 cm 2 /Vs 
or more. 

However, a crystalline silicon film has many problems 
originating from grain boundaries because it has a 
polycrystalline structure. For example, a severe limitation 
is put on the withstand voltage of a TFT by the presence of 
carriers which move through grain boundaries. Further, the 
characteristics of a TFT can be changed or deteriorated, 
when it is operated at a high speed. In addition, the 
presence of carriers moving through grain boundaries 
increases leakage current from a TFT when it is turned off. 

In order to form an active matrix type liquid crystal 
display device with a high level of integration, it is 
desirable to form not only the pixel region but also the 
peripheral circuits on a single glass substrate. In this 
case, since several hundred thousands of pixel transistors 
provided in the form of a matrix are driven, the TFTs 
provided in the peripheral circuits must be capable of 
handling a high current. 

In order to provide a TFT capable of handling a high 
current, a structure having a large channel width must be 
employed. However, a TFT utilizing a polycrystalline 
silicon film or microcrystalline silicon film is not 
practical even with a wide channel width because of the 
problem with the withstand voltage. Further, it is 
impractical from other points of views such as significant 
fluctuations in thresholds. 

Also, researches are made on insulated gate type 
semiconductor devices having an active layer (also referred 
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to as active region) in the form of a thin film on an 
insulating substrate. Especially, researches are active on 
insulated gate type transistors in the form of a thin film, 
i.e., the so-called thin film transistor (TFTs) . They are 
formed on a transparent insulating substrate and are used 
for pixel control and for driving circuits in display 
devices such as liquid crystal display devices having a 
matrix structure. 

Semiconductor thin films forming TFTs include amorphous 
silicon semiconductors and crystalline silicon obtained by 
crystallizing amorphous silicon semiconductors by heating 
and laser irradiation. TFTs utilizing such amorphous 
silicon thin film and crystalline silicon thin films are 
called amorphous silicon TFTs and crystalline silicon TFTs, 
respectively. Since the electrical field mobility of an 
amorphous semiconductor is generally low, such a 
semiconductor can not be used for TFTs which must be 
operated at a high speed. In order to manufacture circuits 
having higher performance, research and development are 
active on crystalline silicon TFTs. 

Since the electrical field mobility of a crystalline 
semiconductor is higher than that of an amorphous 
semiconductor, a crystalline semiconductor can be operated 
at a higher speed. A CMOS circuit can be formed from 
crystalline silicon because not only an NMOS TFT but also a 
PMOS TFT can be obtained from crystalline silicon. In the 
field of active matrix type liquid crystal display device, a 
device having the so-called monolithic structure is known in 
which not only the active matrix circuit portion but also 
peripheral circuits (drivers and etc.) are formed using CMOS 
crystalline TFTs. 

Fig. 10 shows a monolithic type active matrix circuit 
used in a liquid crystal display device. A column decoder 1 
and a line decoder 2 are formed on a substrate 7 as a 
peripheral driver circuit. A multiplicity of pixel circuits 
4 including transistors and capacitors are formed in a 
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matrix, region 5 wherein a multiplicity of pixels are 
provided in the form of a matrix, and the matrix region and 
the peripheral circuit are connected to each other by 
wirings 5 and 6 . The TFTs used in the peripheral circuit 
must be able to operate at a high speed and the TFTs used in 
the pixel circuit must have a low leakage current. The 
device having such characteristics contradictory to each 
other must be formed on the same substrate simultaneously. 

However, TFTs manufactured by the same process have 
similar characteristics. Although crystalline silicon can 
be obtained by crystallization using a laser (laser 
annealing) , if crystalline silicon obtained by laser 
crystallization is used for both of the TFTs for the matrix 
region and the peripheral driving circuit region, the TFTs 
will have similar characteristics. As a result, it will be 
difficult to achieve both of the low leakage current 
characteristic required for the pixel circuit and the high 
mobility characteristic required for the peripheral driving 
circuits . 

SUMMARY OF THE INVENTION 

The present invention is to provide a TFT which is not 
adversely affected by the grain boundaries, has a high 
withstand voltage, is capable of handling a high current, 
and has characteristics which are subjected to less 
deterioration and fluctuation and similar to those utilizing 
a single crystal semiconductor. 

According to one aspect of the invention disclosed in 
this specification, there is provided a semiconductor device 
utilizing a semiconductor thin film formed on a substrate 
having an insulating surface wherein the semiconductor thin 
film is crystalline and includes hydrogen or halogen 
elements, and wherein no grain boundary exists in the 
semiconductor thin film which forms the active layer of the 
semiconductor device. 

According to another aspect of the present invention, 
there is provided a semiconductor device utilizing a 
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semiconductor thin film formed on a substrate having an 
insulating surface wherein the semiconductor thin film is 
crystalline, and wherein the semiconductor thin film which 
forms the active layer of the semiconductor device has no 
grain boundary and includes point defects at 1 x 1016 cm- 3 or 
more to be neutralized and includes hydrogen or halogen 
elements to neutralize the point defects at a concentration 
of 1 x 1015 to 1 x 1020 cm-3. 

In general, point defects present in a single crystal 
silicon wafer fabricated from melted silicon is equal to or 
less than the limit of measurement (1 x 10 16 cm-3) . i n this 
sense, a thin film like region which has no grain boundary 
(monodomain region) disclosed in this specification is 
different from a conventional single crystal semiconductor 
wafer. The thin film silicon semiconductor disclosed in 
this specification includes carbon and nitrogen atoms at a 
concentration of 1 x lO 3 - 6 to 5 x 1018 C m-3 and oxygen atoms at 
a concentration of 1 x 10 17 to 5 x 10 19 cm-3. 

The thickness of the semiconductor thin film disclosed 
in this specification is 200 to 2000 A. This is because 
this semiconductor is obtained from a thin amorphous silicon 
film formed using plasma CVD or low pressure thermal CVD as 
the starting film. The presence of point defects to be 
neutralized (dangling bonds) is also a result of the fact 
that the starting film is a thin film silicon semiconductor 
formed using CVD. 

Metal elements that promotes crystallization of silicon 
is advantageously used in the process of fabricating the 
thin film silicon semiconductor disclosed in this 
specification. One or plural kinds of elements selected 
from among Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Zn, Ag, 
and Au can be used as such metal elements . Such elements 
are invasive to silicon and diffuse in a silicon film by a 
heating process or laser irradiation. Ni (nickel) is the 
most effective element among the above elements. 

Such metal elements can be introduced by forming the 
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metal elements themselves or a layer including the metal 
elements in contact with the upper or lower surface of an 
amorphous silicon film and then irradiating them with laser 
light while heating them. Alternatively, laser irradiation 
may be performed after the heating process . 

The concentration of the above metal elements for 
promoting crystallization which are finally left in the film 
must be 1 x 10 16 to 5 x 10 19 cm-3 . The reason is that if the 
concentration of the metal elements is higher than this 
concentration range, the function of the resultant device is 
adversely affected by deteriorating a semiconductor 
characteristic and that if the concentration of the metal 
elements is lower than this concentration range, the 
promotion of crystallization is not achieved. 

According the another aspect of the present invention, 
there is provided a semiconductor device whose active layer 
is formed by a semiconductor thin film formed on a substrate 
having an insulating surface wherein the semiconductor thin 
film is crystalline, the active layer has a source region, 
drain region, and a channel forming region, and no grain 
boundary exists in the channel forming region. 

The above configuration wherein the channel forming 
region is formed as a monodomain region and no grain 
boundary exists in at least the channel forming region to 
provide a TFT having high characteristics. This is because 
such a configuration eliminates carrier scattering and the 
fluctuation and deterioration of characteristics due to the 
presence of grain boundaries. It is preferable to form the 
whole active layer including the source and drain regions as 
a monodomain region. 

According to another aspect of the invention, there is 
provided a semiconductor device whose active layer is formed 
by a semiconductor thin film formed on a substrate having an 
insulating surface wherein the semiconductor thin film is 
crystalline, the active layer has a source region, drain 
region, and a channel forming region, no grain boundary 
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exists vin the channel forming region, and there are point 
defects at 1 x 10*6 C m-3 or more in the channel forming 
region. 

According to another aspect of the invention, there is 
provided a semiconductor device forming method including the 
steps of, forming an amorphous silicon film on a substrate 
having an insulating surface and forming a crystalline thin 
film silicon semiconductor having a spin density of 1 x 10*5 
to 1 x 1019 cm-3 by irradiating the film with laser light or 
intense light with 450 to 750 °C. A monodomain region as 
disclosed in this specification can be effectively formed by 
performing laser irradiation while heating. In this case, 
it is important that the sample (the surface on which the 
monodomain region is formed) is irradiated by laser light 
with 450 to 750 °C, preferably, 500 to 600 °C . Other types 
of intense light such as infrared light may be used instead 
of laser light. 

When metal elements for promoting the crystallization of 
silicon is introduced as described above, it is effective to 
perform a heating process to cause crystallization or the 
generation of crystalline nuclei before they are irradiated 
by laser light. Further, a heating process after laser 
irradiation is effective for reducing defects in a film. It 
is also effective to neutralize defects in a film by 
performing a hydrogenation process after crystallization 
process . Such hydrogenation process can be achieved by a 
heating process or plasma process in hydrogen or an 
atmosphere including hydrogen. 

A region having no grain boundary can be regarded as one 
domain (monodomain) . A TFT formed utilizing such a region 
which can be regarded as a single crystal region is referred 
to as a monodomain TFT. For example, such a single crystal 
region can be formed in a silicon thin film using the method 
as follows. An amorphous silicon film is first formed on a 
glass substrate or quartz substrate, and then a film 
including nickel is formed on the surface of the amorphous 
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silicon film. This film including nickel may be provided by 
forming a very thin nickel film using sputtering or the 
like. Alternatively, a method may be employed wherein a 
solution including nickel is added to the surface of an 
amorphous silicon film so that nickel elements are provided 
in contact with the surface of the amorphous silicon film. 

After nickel elements are introduced in the amorphous 
silicon film, a heating process is performed to crystallize 
the amorphous silicon film. The action of the nickel 
elements allows this heating process to be performed at 750 
°C or less. When a glass substrate is used, the preferable 
temperature for this heating process is 600 °C or less. If 
the efficiency of the crystallization process is considered, 
the temperature is preferably 500 °C or more, preferably, 
550 °C or more. When a quartz substrate is used, this 
heating process can be performed at 450 °C or more to 
provide a crystalline silicon film in a short period of 
time. A crystalline silicon film obtained in this process 
is in a polycrystalline or microcrystalline state and 
includes grain boundaries. 

Then, laser irradiation is performed on the. sample which 
has been heated to 450 °C or more, to locally promote the 
crystallinity of the regions irradiated by laser light. 
This process forms regions which can be regarded as single 
crystal regions. It is important that the sample or the 
surface to be irradiated by laser light is heated to 450 °C 
or more. The temperature is preferably 450 to 750 °C, and 
450 to 600 °C if a glass substrate is used. 

There is an alternative method wherein after the 
formation of an amorphous silicon film followed by the 
introduction of metal elements for promoting 
crystallization, laser irradiation is performed to form 
regions which can be regarded as single crystal regions. In 
this case, it is important again that the sample is heated 
to 450 to 750 °C, and 450 to 600 °C (750 °C if the substrate 
is resistant enough) if a glass substrate is used. 
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A .heating process following the laser irradiation at 450 
to 600 °C (750 °C if the substrate is resistant enough) is 
effective in reducing defects in the film. Heating process, 
laser irradiation, second heating process and the like are 
be most effective if they are performed repeatedly in 
succession. 

It is very effective to perform a heating process in a 
hydrogen atmosphere after the laser irradiation, to 
neutralize defects (dangling bonds) in the film. 

The regions which can be regarded as single crystal 
regions are obtained from a silicon film formed using plasma 
CVD or low pressure thermal CVD as the starting film and 
include carbon and nitrogen at a concentration of 1 x 1016 to 
5 x 1018 cm-3 and oxygen at a concentration of 1 x 10 17 to 5 x 
IO1 9 cm-3. Further, since there are lattice defects by 
nature, they include hydrogen at a concentration of 1 x 10i 7 
to 5 x 1020 cm-3 to neutralize the dangling bonds of silicon. 
Specifically, a region that can be regarded as a single 
crystal region is characterized in that it has point defects 
but has neither line defect nor plane defect. The 
concentration of the elements contained is defined as the 
minimum value measured using SIMS (secondary ion mass 
spectrometry) . 

Fig. 5 and Fig. 6 show tables for comparing various 
characteristics of a conventional single crystal MOS 
transistor, a polycrystalline silicon (P-Si) TFT, an 
amorphous silicon (a-Si) TFT, and a monodomain TFT. By 
using a region of a thin film silicon semiconductor that can 
be regarded as a single crystal region as an active layer, a 
TFT having a high withstand voltage, less fluctuation and 
deterioration of characteristics can be obtained. 

In addition, researches by the inventor have revealed 
that, as described above, addition of a very small amount of 
metallic material to a substantially amorphous silicon film 
promotes crystallization, decreases the temperature at which 
crystallization occurs, and shorten the time required for 
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crystallization. One or plural kinds of elements selected 
from among Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, and 
Au or compounds of these elements (e.g., silicides) can be 
used as catalyst. 

Specifically, a film, particles, a cluster, or the like 
including such metal elements is in close contact with 
amorphous silicon. Alternatively, these catalyst elements 
are introduced into an amorphous silicon film using methods 
such as ion implantation. Thereafter, crystallization can 
be achieved by a heating process at an appropriate 
temperature, e.g., 550 °C or less for about four hours. 

In general, the higher the annealing temperature is, the 
shorter the time required for crystallization is. Further, 
the higher the concentration of the metal elements is, the 
lower the crystallization temperature is and the shorter the 
time required for crystallization is. Researches by the 
inventor have revealed that the concentration of at least 
one element must be 1 x 1016 cm-3 in order that 
crystallization proceeds in thermal equilibrium. It has 
been also revealed that if the concentration is 5 x 10*9 cm-3 
or more, the properties of the semiconductor material is 
deteriorated. Specifically, it has been revealed that the 
concentration of the metal elements for promoting the 
crystallization of silicon is preferably 1 x 1016 to 5 X 1019 
cm-3. It has been revealed that the use of nickel from among 
the above elements is most effective. The concentration of 
impurities is defined as the minimum value measured using 
SIMS (secondary ion mass spectrometry) . 

It has been revealed that in the method of providing a 
crystalline silicon film by crystallizing an amorphous 
silicon film using laser irradiation, a domain of a greater 
grain size (monodomain region) can be obtained by heating 
the sample at 450 °C or more during laser irradiation. The 
monodomain region has a crystal structure which can be 
regarded as a single crystal. 

There is no grain boundary in the monodomain region. 
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Unlike, a single crystal silicon wafer, it has point defects 
to be neutralized therein. It includes hydrogen or halogen 
elements for neutralizing the point defects at a 
concentration of 1 x 1015 to 1 x 1020 cm-3 . 

If metal elements such as nickel is introduced into the 
starting film for forming the monodomain region, a 
monodomain region having defects in a lower density can be 
obtained. A TFT fabricated using such a monodomain region 
formed by introducing metal elements has a higher level of 
mobility and can pass a higher ON current. 

The invention disclosed in this specification is 
characterized in that TFTs having different characteristics 
are selectively fabricated on the same substrate utilizing 
the action of metal elements that promote crystallization of 
silicon as described above. Specifically, after an 
amorphous silicon film is formed, a material including 
catalyst elements is selectively in contact with or 
introduced into a part of the film. After that, the entire 
surface of the film is irradiated by laser light or intense 
light equivalent thereto with the sample heated to 450 to 
750 °C, preferably 450 to 600 °C . Alternatively, laser light 
or intense light equivalent thereto are scanned across the 
entire surface to form monodomain regions having different 
electrical characteristics on the same substrate. Using the 
monodomain regions formed selectively, TFTs having desired 
characteristics are formed in desired regions. 

In addition, it is possible to form monodomain regions 
having different electrical characteristics selectively by 
introducing metal elements in different concentrations, to 
thereby form TFTs having different characteristics on the 
same substrate . 

It is very important that the sample is heated to 450 to 
750 °C or 450 to 600 °C if the heat-resisting properties of 
the glass substrate. is considered during irradiation by 
laser light or intense light. 

It is effective to perform a heating process before or 
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after .the irradiation by laser light or intense light for 
forming the monodomain regions. A heating process before 
the laser irradiation allows the formation of nuclei for 
crystal growth during the laser irradiation. A heating 
process after the laser irradiation allows defects in the 
film to be reduced. If a heating process is performed both 
before and after the laser irradiation, the above two 
effects can be obtained. That is, both of the formation of 
crystal nuclei and the reduction of defects in the film can 
be achieved. 

According to one aspect of the invention disclosed in 
this specification, there is provided a monolithic active 
matrix circuit formed on a substrate wherein the active 
regions of at least a part of the TFTs constituting the 
peripheral circuit are added with a metal element for 
promoting the crystallization of silicon at a concentration 
of 1 x lO 1 ^ to 5 x 1019 cm-3, no metal element is added to the 
active regions of the TFTs for the matrix region, and the 
channel forming regions of at least a part of the TFTs 
constituting the peripheral circuit and the channel forming 
regions of the TFTs for the matrix region are formed by a 
silicon semiconductor thin film having a monodomain 
structure. 

In the above configuration, the "monolithic active 
matrix circuit formed on a substrate" corresponds to the 
configuration shown in Fig. 10; the "at least a part of the 
TFTs constituting the peripheral circuit" corresponds to the 
TFTs constituting the peripheral circuits 1 and 2 in Fig. 
10; and the "active regions of TFTs" correspond to the 
regions 142 and 143 of the TFT shown in Fig. 8C having a 
source region, a drain region, and a channel forming region. 

The active regions may include an offset gate region and a 
lightly doped region. 

The "matrix region" corresponds to the region 3 in Fig. 
10. A plurality of pixels (normally several millions of 
pixels) are provided in the form of a matrix in this matrix 
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region. The "silicon semiconductor thin film whose channel 
forming region has a monodomain structure" corresponds to 
the examples shown in Figs. 8A - 8E. In Figs. 8A - 8E, 
active regions 141 to 143 of respective TFTs are formed in 
monodomain regions 121 to 123 . 

It is not always true that all the TFTs provided in the 
peripheral driving circuits must have high mobility, high 
speed operation, and the capability of passing a high ON 
current. When the inverter circuit as shown in Fig. 13A or 
Fig. 13B is used as a peripheral circuit, since N-channel 
type TFTs 601 and 603 function as load resistors, there is 
no need for a configuration which provides high mobility, 
high speed operation, and the capability of passing a high 
ON current . 

Fig. 13A shows a basic configuration of an inverter 
wherein a depression type TFT is used as the N-type TFT 601 
serving as a load and an enhancement type TFT is used as the 
N-type TFT 602. Fig. 13B shows a basic configuration of an 
inverter wherein an enhancement type TFT is used as the N- 
type TFT 603 serving as a load and an enhancement type TFT 
is used as the N-type TFT 602. In this case, it is not 
essential that the active regions of the TFTs 601 and 603 
are formed from metal elements for promoting 
crystallization. Further, it is not essential that the 
active regions of the TFTs 601 and 603 have a monodomain 
structure. Therefore, the "at least a part of the TFTs 
constituting the peripheral circuits" corresponds to the 
TFTs 602 and 604 in Fig. 13A and Fig. 13B. 

According to another configuration of the present 
invention, there is provided a monolithic active matrix 
circuit formed on a substrate wherein the active regions of 
at least a part of the TFTs constituting the peripheral 
circuits are added with metal elements for promoting the 
crystallization of silicon at a concentration of 1 x 10 16 to 
5 x 10 19 cm-3; no metal element is added to the active 
regions of the TFTs for the matrix region; and the active 
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regions of at least a part of the TFTs constituting the 
peripheral circuits and the active regions of the TFTs for 
the matrix region are constituted by a silicon semiconductor 
thin film having a monodomain structure. 

According to another configuration of the present 
invention, there is provided a monolithic active matrix 
circuit formed on a substrate wherein the active regions of 
at least a part of the TFTs constituting the peripheral 
circuits are added with metal elements for promoting the 
crystallization of silicon at a concentration of 1 x 10 16 to 
5 x lO 1 ^ cra-3 ; the concentration of the metal elements in the 
active regions of at least a part of the TFTs constituting 
the peripheral driving circuits is different from the 
concentration of the metal elements in the active regions of 
the TFTs in the matrix region; and the active regions have 
a monodomain structure. This configuration is characterized 
in that the electrical characteristics of the resultant 
monodomain regions are controlled by changing the amount of 
the metal elements added (introduced) for promoting 
crystallization. 

As described above, the characteristics required for the 
TFTs in the peripheral driving circuit region are different 
from those required for the TFTs in the matrix region. 
Specifically, in the peripheral driving circuit region, a 
TFT must provide high mobility and must be able to pass a 
high ON current and to operate at a high speed even at the 
sacrifice of other characteristics. On the other hand, in 
the matrix region, a TFT must have a low OFF current even at 
the sacrifice of other characteristics. In general, in a 
configuration that allows a high ON current to pass 
therethrough, the OFF current is also high. 

According to the above configuration, TFTs capable of 
passing a higher ON current therethrough are provided by 
introducing a larger amount of metal elements for promoting 
crystallization into the semiconductor thin film 
constituting the TFTs provided in the peripheral driving 
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circuit region, for improved crystallinity . 

On the other hand, a smaller amount of metal elements 
for promoting crystallization is introduced into the matrix 
region to provide TFTs which are low in the crystallinity of 
the active regions (the density of defects is relatively 
high) but for which the OFF current can be made smaller. 

According to another configuration of the present 
invention, there is provided a monolithic active matrix 
circuit formed on a substrate wherein the active regions of 
at least a part of the TFTs constituting the peripheral 
circuits are added with metal elements for promoting the 
crystallization of silicon at a concentration of 1 x 1016 to 
5 x 1019 cm-3; the concentration of the metal elements in the 
active regions of at least a part of the TFTs constituting 
the peripheral driving circuits is higher than that of the 
metal elements in the active regions of the TFTs in the 
matrix region; and the active regions have a monodomain 
structure. 

According to another configuration of the present 
invention, there is provided a monolithic active matrix 
circuit formed on a substrate wherein the active regions of 
at least a part of the TFTs constituting the peripheral 
circuits are added with metal elements for promoting the 
crystallization of silicon at a concentration of 1 x 10 16 to 
5 x 10 19 cm-3; the concentration of the metal elements in the 
active regions of at least a part of the TFTs constituting 
the peripheral driving circuits is different from the 
concentration of the metal elements in the active regions of 
the TFTs in the matrix region; and the active regions have a 
monodomain structure. This configuration is characterized 
in that the electrical characteristics of the resultant 
monodomain regions are controlled by changing the amount of 
the metal elements added (introduced) for promoting 
crystallization. 

According to another configuration of the present 
invention, there is provided a monolithic active matrix 
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circui-t formed on a substrate wherein the active regions of 
at least a part of the TFTs constituting the peripheral 
circuits are added with metal elements for promoting the 
crystallization of silicon at a concentration of 1 x 10*6 to 
5 x cm- 3 ; no metal element is added to the active 

regions of the TFTs for the matrix region; and the active 
regions of at least a part of the TFTs constituting the 
peripheral circuits have a monodomain structure; and the 
TFTs in the matrix region are crystalline . 

The above configuration is characterized in that the 
TFTs in the matrix region are formed by a crystalline 
silicon semiconductor thin film obtained using laser 
irradiation and a heating process. The TFTs in the matrix 
region can be constituted by TFTs utilizing a conventional 
crystalline silicon semiconductor film because they are not 
required to have high mobility and to operate at a high 
speed . 

Circuits having transistors which has contradictory 
characteristics, i.e., a low OFF current and a high 
operation speed can be simultaneously formed on the same 
substrate by using regions having less metal elements that 
promotes crystallization of silicon for TFTs having a low 
OFF current for the pixel circuits of an active matrix 
circuit or the like and by using regions having more metal 
elements for high speed TFTs for peripheral driving circuits 
or the like . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A to ID show manufacturing steps of a thin film 
transistor (TFT) according to an embodiment; 

Fig. 2 A and Fig. 2B show the shape of a monodomain and 
an active layer; 

Figs. 3A to 3D show a configuration of a TFT according 
to an embodiment; 

Fig. 4A and Fig. 4B show the shape of a monodomain and 
an active layer; 

Fig. 5 is a table for comparison between a single 
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crystal TFT and a monodomain TFT; 

Fig. 6 is a table for comparison between a 
polycrystalline TFT and an amorphous TFT; 

Fig. 7 shows a picture of the crystal structure of a 
silicon semiconductor thin film; 

Figs . 8 A to 8E show manufacturing steps according to an 
embodiment ; 

Figs. 9A to 9E show manufacturing steps according to an 
embodiment ; 

Fig. 10 shows an example of a configuration of a 
monolithic active matrix circuit; 

Figs. 11A to HE show manufacturing steps according to 
an embodiment; 

Fig. 12A and Fig. 12B show the relationship between 
active layers and monodomain regions of a TFT; and 

Fig. 13A and Fig. 13B show examples of an inverter 
circuit constituting a peripheral driving circuit. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

In the embodiment, a glass substrate having a glass 
strain point temperature of 350 to 700 °C . A Corning 7059 
glass substrate is used, and a thin film transistor (TFT) is 
fabricated at a temperature equal to or lower than the 
strain point temperature of this glass substrate. The 
strain point of a Corning 7059 glass substrate is 593 °C, 
and a heating process at a temperature higher than this 
temperature is not preferable because it can cause shrinkage 
and trans format ion of the glass substrate. Especially, when 
a glass substrate having a large surface area is used to 
form a large size liquid crystal display device, the effect 
of such shrinkage and transformation of the glass substrate 
will be significant. In the embodiment, the maximum 
temperature during the heating process is limited to 600 °C 
or less, preferably 550 °C or less to significantly reduce 
the influence of the heat to the substrate. 

Figs. 1A to ID show manufacturing steps of the TFT 
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according to the present embodiment. A silicon oxide film 
102 having a thickness of 3000 A is formed as a base film on 
a Corning 7059 glass substrate 101 by using sputtering, and 
then an amorphous silicon film is formed by using plasma CVD 
or low pressure thermal CVD to a thickness of 500 A. 

After the formation of the amorphous silicon film, the 
sample is irradiated by laser light (KrF excimer laser) with 
the sample heated to 450 to 750 °C (550 °C, in this case) to 
form monodomain regions 103, 104, and 105 which can be 
regarded as single crystal regions as shown in Fig. 1A. 
Fig. 2A shows the state shown in Fig. 1A as viewed from the 
upper side. The monodomain regions 103 to 105 are adjacent 
to each other at a grain boundary 100. Although Fig. 2 A 
shows only three monodomain regions, a greater number of 
monodomains are actually formed. A monodomain is not 
limited to a circular shape but can be in any shape. A 
monodomain (which can be regarded as a single crystal) 
region having a gain size of 50 |im or more can be formed by 
heating the sample to a temperature as high as 550 °C when 
it is irradiated by laser light as in the embodiment. 

It is effective to introduce metal elements that promote 
crystallization into the amorphous silicon film during the 
above process. As a result, regions which can be regarded 
as single crystal regions can be formed in greater area. 
When the regions 103 to 105 which can be regarded as single 
crystal regions are obtained, the active layer of a TFT is 
formed by patterning using these regions. Most preferably, 
an active layer is formed as a whole in a region which can 
be regarded as a single crystal. In this case, an active 
layer 106 is formed in the region 104. Thus, a region 100 
of Fig. IB is formed as an active layer. 

There is substantially no grain boundary in the 
monodomain 104. Therefore, there is provided a TFT having 
characteristics equivalent to those obtained using a single 
crystal. Fig. 7 shows a picture of the crystal structure of 
a silicon semiconductor thin film obtained by a KrF excimer 
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laser .irradiation while heating it to 550 °C . A monodomain 
TFT can be provided by forming the active layer of the TFT 
using a monodomain of Fig. 7. 

After the active layer 106 is formed, a silicon oxide 
film 112 having a thickness of 1000 A is formed as a gate 
insulating film by using plasma CVD, and a film mainly 
composed of aluminum containing 0.2 % scandium is formed to 
a thickness of 6000 A. Then, this film mainly composed of 
aluminum is patterned to form a gate electrode 113 . 

An oxide layer 114 is formed by anodization in an 
ethylene glycol solution containing 10 % tartaric acid using 
the gate electrode 113 as an anode. The thickness of the 
oxide layer 114 is on the order of 2000 A. The presence of 
the oxide layer 114 allows the formation of an offset gate 
region during an impurity ion implantation performed later. 

Impurity ions are implanted in the active layer. 
Phosphorus (P) ions are implanted if an N-channel type TFT 
is formed, and boron (B) ions are implanted if a P-channel 
type TFT is formed. During this process, the impurity ions 
are implanted into regions 107 and 111 with the gate 
electrode 113 and the oxide layer 114 surrounding it as 
masks. The regions 107 and 111 into which the impurity ions 
are implanted are formed as a source region and a drain 
region, respectively. At the same time, offset gate regions 
108 and 110 are formed, with the oxide layer 114 around the 
gate electrode 113 as a mask. A channel forming region 109 
is also formed on a self alignment manner (Fig. 1C) . 

After the impurity ion implantation, laser irradiation 
is performed to anneal the active layer which has been 
damaged by the impurity ion implantation and to activate the 
impurities implanted. This process may be performed using 
intense light such as infrared light. 

A silicon oxide film 115 having a thickness of 7000 A is 
formed as a interlayer insulating film by using plasma CVD 
and then a hole forming process is performed to form a 
source electrode 116 and a drain electrode 117. Further, a 
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heating process is performed in a hydrogen atmosphere at 350 
°C to complete a TFT (Fig. ID) . 

Since the active layer of the TFT of the embodiment is 
constituted by a region having a structure which can be 
regarded as a single crystal (a monodomain region) , it is 
possible to avoid the problem of a low withstand voltage and 
a high leakage current originating from grain boundaries . 
Although one TFT is formed in the embodiment, it is possible 
to form a plurality of TFTs using a plurality of monodomain 
regions . 

Second Embodiment 

In the embodiment , metal elements for promoting 
crystallization are introduced into an amorphous silicon 
film to form a crystalline region that can be regarded as a 
single crystal, and a TFT is configured using this 
crystalline region. The manufacturing steps of the 
embodiment are the same as those in the first embodiment 
except the process of introducing the metal elements for 
promoting crystallization. In the embodiment, after the 
amorphous silicon film is formed, the surface of the 
amorphous silicon film is subjected to ultraviolet (UV) 
oxidation to form an extremely thin oxide film (not shown) . 
This oxide film is provided to improve wettability during a 
solution adding process performed later. The UV oxidation 
is a process to form an extremely thin oxide film on a 
surface by irradiating the surface with ultraviolet light in 
an oxidizing atmosphere. 

The surface of the amorphous silicon film on which the 
extremely thin oxide film has been formed is coated with a 
nickel acetate solution by spin coating to form a coating 
film containing nickel thereon. The presence of this 
coating film realizes a state wherein nickel elements are 
provided adjacent to the amorphous silicon film through the 
extremely thin oxide film. 

In such a state, a heating process is performed for four 
hours at 55 0 °C to transform the amorphous silicon film into 
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a crystalline silicon film. Since nickel which is a metal 
element that promotes crystallization is introduced, a 
crystalline silicon film can be obtained through a heating 
process at 550 °C for about four hours. 

After the silicon film is transformed into a crystalline 
silicon film by the heating process, the film is irradiated 
by laser light to form the monodomain regions 103 and 104 as 
shown in Fig. 1. Since nickel which is a metal element that 
promotes crystallization is introduced, larger monodomain 
regions can be obtained. After the monodomain regions are 
obtained, a TFT is formed in the same manner as in the first 
embodiment . 
Third Embodiment 

The present embodiment is an example of the formation of 
a channel forming region of a TFT utilizing one monodomain 
region. Figs. 3A to 3D show the manufacturing steps of the 
TFT according to the embodiment . 

A silicon oxide film 102 having a thickness of 3000 A is 
formed as a base film on a glass substrate 101 using 
sputtering, and then an amorphous silicon film is formed by 
using plasma CVD or low pressure thermal CVD to a thickness 
of 500 A. The sample is then irradiated by laser light (KrF 
excimer laser) with the sample heated to 550 °C to form a 
plurality of monodomain regions 103 to 105 (Fig. 3A) . 

Fig. 4A shows the state shown in Fig. 3A as viewed from 
the upper side. The monodomain regions 103 to 105 are 
adjacent to each other at a grain boundary 100. The 
interior of the grain boundary is a region which can be 
regarded as a single crystal, i.e., a monodomain region. 
Then, an active layer 106 is formed so that a channel 
forming region (the region 109 in Fig. 3C) is included in 
the monodomain region 104 (Fig. 3B) . 

After the active layer 106 is formed, a silicon oxide 
film 112 having a thickness of 1000 A is formed as a gate 
insulating film using plasma CVD, and a film mainly composed 
of aluminum containing 0.2 % scandium is formed to a 
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thickness of 6000 A. Then, this film mainly composed of 
aluminum is patterned to form a gate electrode 113 . 

An oxide layer 114 having a thickness of about 2 00 0 A is 
formed by anodization in an ethylene glycol solution 
containing 10 % tartaric acid using the gate electrode 113 
as an anode. The presence of the oxide layer 114 allows the 
formation of an offset gate region during an impurity ion 
implantation performed later. 

Impurity ions are implanted in the active layer. 
Phosphorus ions are implanted if an N-channel type TFT is 
formed, and boron ions are implanted if a P-channel type TFT 
is formed. During this process, the impurity ions are 
implanted into regions 107 and 111 with the gate electrode 
113 and the oxide layer 114 surrounding it as masks. The 
regions 107 and 111 into which the impurity ions are 
implanted are formed as a source region and a drain region, 
respectively. At the same time, offset gate regions 108 and 
110 are formed, with the oxide layer 114 around the gate 
electrode 113 as a mask. A channel forming region 109 is 
also formed on a self alignment basis (Fig. 3C) . 

After the impurity ion implantation, laser irradiation 
is performed to anneal the active layer which has been 
damaged by the impurity ion implantation and to activate the 
impurities implanted. This process may be performed using 
intense light such as infrared light. 

A silicon oxide film 115 having a thickness of 7000 A is 
formed as a layer insulating film using plasma CVD and then 
a hole forming process is performed to form a source 
electrode 116 and a drain electrode 117. Further, a heating 
process is performed in a hydrogen atmosphere at 350 °C to 
complete a TFT (Fig. 3D) . 

The channel forming region of the TFT of the embodiment 
is constituted by a region having a structure which can be 
regarded as a single crystal (a monodomain region) . Thus, 
there is nothing to hinder the movement of carriers, and 
this makes it to obtain preferable characteristics. 
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According to the configuration of the embodiment, the 
size of the channel forming region is sufficient as the 
minimum requirement for the monodomain region. This 
provides improved flexibility in manufacturing the TFT. 

Although the embodiment shows an example wherein one TFT 
is formed, it is possible to form a plurality of TFTs using 
a plurality of monodomain regions. The invention disclosed 
in this specification makes it possible to provide a TFT 
which is free from the influence of a grain boundary. It is 
also possible to provide a TFT which has a high withstand 
voltage and less fluctuation in its characteristics and 
which is capable of handling high current. Further, it is 
possible to provide a TFT which is not adversely affected by 
a grain boundary in operation and which is characterized by 
a low OFF current . 
Fourth Embodiment 

In the embodiment, TFTs having different characteristics 
are manufactured by selectively introducing metal elements 
that promote crystallization of silicon into an amorphous 
silicon film. According to the embodiment, TFTs provided in 
the pixel region of an active matrix type liquid crystal 
display device is formed without introducing such metal 
elements and TFTs constituting peripheral circuits are 
formed by introducing the metal elements . 

Figs. 8A to 8E show manufacturing steps according to the 
embodiment. The two TFTs on the left side of the figures 
are TFTs provided in the peripheral driving circuits (which 
correspond to the regions 1 and 2 in Fig. 10) and the one 
TFT on the right side is a TFT provided in the matrix region 
(which corresponds to the region 3 in Fig. 10) . 

After a base layer 11 of silicon oxide having a 
thickness of 2 000 A is formed on a substrate (Corning 7059) 
10, an intrinsic (I- type) amorphous silicon film 12 is 
deposited to a thickness of 500 to 1500 A, e.g. 500 A using 
plasma CVD or low pressure thermal CVD. Subsequently, an 
extremely thin silicon film (the thickness is 5 to 200 A, 
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e.g., -50 A) 13 containing nickel at a concentration of 1 x 
10 18 cm-3 is selectively formed using sputtering. The 
selective formation of the silicon film 13 can be performed 
using sputtering and lift-off processes. Thus, nickel 
elements are selectively introduced into the amorphous 
silicon film (Fig. 8A) . 

Although an example has been described wherein nickel 
elements are introduced using a silicon film containing 
nickel, nickel may be introduced into the amorphous silicon 
film using other methods such as adding a solution 
containing nickel (nickel acetate solution or the like may 
be used) to the surface of the amorphous silicon film. 

The amorphous silicon film 12 is crystallized as shown 
in Fig. 8B by irradiating the entire surface of the 
amorphous silicon film 12 with laser light. The laser light 
is irradiated using a KrF excimer laser (having a wavelength 
of 248 nm and a pulse width of 20 ns) . When the laser 
irradiation is performed, the sample is heated to 550 °C. 
Methods for heating the sample include a method wherein a 
heating element is provided in a substrate holder for 
holding the substrate and then the sample is heated by 
heating this substrate holder, and a method wherein the 
sample is heated by infrared light irradiation. 

The laser light may include a XeF excimer laser (having 
a wavelength of 353 nm) , a XeCl excimer laser (having a 
wavelength of 3 08 nm) , or an ArF excimer laser (having a 
wavelength of 193 nm) . The energy density of the laser is 
200 to 500 mJ/cmS, e.g., 350 mJ7cm2, and the required number 
of shots for one location is 2 to 10, e.g., 2 shots. The 
laser irradiation allows the entire surface of the amorphous 
silicon film to be crystallized. During this 
crystallization, a multiplicity of monodomain regions 121 to 
123 are formed. 

The monodomain regions 121 and 122 are somewhat 
different from the monodomain region 123 . While the regions 
121 and 122 are more like single crystal silicon because 
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they have less defects as a result of the action of nickel, 
the region 123 has a larger number of defects. These 
monodomain regions are adjacent to each other through a 
grain boundary 100. 

Fig. 12A is shows the state shown in Fig. 8B as viewed 
from the upper side. Fig. 12A shows the monodomain regions 
121 to 123. The silicon film thus obtained is patterned 
using photolithography to form island-like silicon regions 
141, 142 (peripheral driving circuit regions) and 143 
(matrix region) which serve as active layers. At least a 
channel forming region must be formed in the monodomain 
regions. Also, it is preferable that the active layer that 
forms each TFT is constituted by one monodomain region. 

Fig. 12B shows the positional relationship between the 
monodomain regions and the active layers (island-like 
silicon regions) . In Fig. 12B, the island-like silicon 
regions 141 to 143 constituting the active layers are 
generally configured inside the respective monodomain 
regions 121 to 123. Also, sputtering is performed to 
deposit a silicon oxide film 15 having a thickness of 100 0 A 
as a gate insulation film, using silicon oxide as the target 
at a substrate temperature of 200 to 400 °C, e.g., 350 °C, in 
an atmosphere containing oxygen and argon, the ratio of 
argon to oxygen being in 0 to 0.5, e.g., 0.1 or less. 
Subsequently, low pressure thermal CVD is performed to 
deposit a silicon film (containing 0.1 - 2 % phosphorus) 
having a thickness of 3000 to 8000 A, e.g., 6000 A. The 
processes of forming the silicon oxide 15 and the silicon 
film are preferably performed in succession. Then, the 
silicon film is patterned to form gate electrodes 16a, 16b, 
and 16c (Fig. 8C) . 

Plasma doping is performed to implant impurities 
(phosphorus and boron) into the silicon region using the 
gate electrodes as a mask. Phosphine (PH 3 ) and diborane 
(B 2 H 6 ) are used as the doping gas. The acceleration voltage 
is 60 to 90 kV, e.g., 80 kV for phosphorus and 40 to 80 kV, 



25 



e.g., 65 kV for boron. The dose is 1 x 1015 to 8 x lO" cm-2, 
e.g., 2 x 10 15 cm-2 for phosphorus and 5 x 10*5 cm-2 for boron. 
As a result, an N-type impurity region 17a and P-type 
impurity regions 17b and 17c are formed. 

Thereafter, laser irradiation is performed to activate 
the impurities. The laser light are irradiated using a KrF 
excimer laser (having a wavelength of 248 nm and a pulse 
width of 20 ns) . Alternatively, the laser light may be 
irradiated using a XeF excimer laser (having a wavelength of 
353 nm) , a XeCl excimer laser (having a wavelength of 3 08 
nm) , or an ArF excimer laser (having a wavelength of 193 
nm) . The energy density of the laser is 2 00 to 400 mJ/cm2, 
e.g., 250 mJ/cm 2 , and the required number of shots for one 
location is 2 to 10, e.g., 2 shots. Further, the substrate 
is heated to 100 to 450 °C, e.g., 250 °C when the laser 
irradiation is performed. Thus, the impurity regions 17a to 
17c are activated (Fig. 8D) . 

It is effective to heat the sample to 450 to 750 °C, 
preferably 500 to 600 °C when the impurity regions 17a to 
17c are irradiated by laser light to be activated. - This 
allows the activation of the impurity regions 17a to 17c to 
be carried out more effectively. 

Subsequently, a silicon oxide film 18 having a thickness 
of 6000 A is formed as an interlayer insulator using plasma 
CVD. Also, sputtering is performed to form an indium tin 
oxide (ITO) film having a thickness of 500 to 1000 A, e.g., 
800 A which is then patterned to form a pixel electrode 10. 
Contact holes are formed in the interlayer insulator to form 
electrode-wirings 20a, 20b, and 20c for the TFTs of the 
peripheral driving circuits and electrodes-wirings 20d and 
20e for the TFT for the matrix pixel circuit using a 
multilayer film made of metals such as titanium nitride and 
aluminum. Finally, annealing is performed at 350 °C in a 
hydrogen atmosphere of 1 atmosphere pressure for 3 0 minutes 
to complete a semiconductor circuit (Fig. 8E) . 

As a result of an analysis on the concentration of the 
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nickel included in the active region of the TFTs obtained 
according to the embodiment by using secondary ion mass 
spectrometry (SIMS) , nickel is detected at a concentration 
of 1 x 10 17 to 5 x IOI 7 cm-3 from the TFTs in the peripheral 
driving circuit regions (two TFT in left side constructed by 
P-channel and N-channel types) and at a concentration of the 
limit of measurement (1 x 1016 cm-3) or less from the TFT of 
the pixel circuit. 

The two TFTs for the peripheral circuit regions located 
on the left in the embodiment have less defects in the 
active layers thereof and have high mobility and is capable 
of passing a high ON current therethrough. Since the active 
region of TFT for the pixel region shown on the right 
includes nickel at a low concentration of the limit of 
measurement or less, it is possible to decrease an OFF 
current originating from the presence of nickel atoms. It 
is thought that nickel atoms act as a trap center for 
carriers, causing an increase in the OFF current. 
Fifth Embodiment 

Figs. 9A to 9E show manufacturing steps according to the 
present embodiment. After forming a 2000 A thick silicon 
oxide film 22 on a substrate (Corning 7059) 21 using 
sputtering, plasma CVD or low pressure thermal CVD is 
performed to deposit an amorphous silicon film 23 having a 
thickness of 200 to 1500 A, e.g., 500 A. Nickel ions are 
selectively implanted using an ion implantation with 
amorphous silicon film 23 masked by a photoresist 24. A 
region 25 is formed which contains nickel at a concentration 
of 1 x 1015 to 1 x 1018 cm-3, e.g., 5 x 10" cm-3. The depth 
of the region 25 is 200 to 500 A, and the acceleration 
energy is chosen to be optimum accordingly. When ion 
implantation is used as in the embodiment, the concentration 
of nickel can be more easily controlled than in the first 
embodiment (Fig. 9A) . 

The substrate is heated in a nitrogen atmosphere for two 
hours at 450 to 600 °C, e.g. , 550 °C . As a result of this 
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heating process, preparatory crystallization occurs 
preliminarily in the region doped with nickel. That is, 
crystal nuclei are formed during this heating process which 
facilitate the growth of monodomain regions. 

The entire surface of the amorphous silicon film 23 is 
irradiated by laser light with the sample heated to 550 °C 
to crystallize that region. The laser light are irradiated 
using a KrF excimer laser (having a wavelength of 248 nm and 
a pulse width of 20 ns) . The energy density of the laser is 
200 to 500 mJ/cm2, e.g., 350 mJ/cm 2 , and the number of shots 
for one location is 2 to 10, e.g., 2 shots (Fig. 9B) . 

As a result, the silicon film is crystallized and a 
multiplicity of monodomain regions are formed. Adjacent 
monodomain regions are separated by a grain boundary 100. 
Among the monodomain regions thus obtained, a monodomain 
region 23a can be obtained with crystallinity higher than 
that of a region 23b. More specifically, the monodomain 
region 23a can have a crystal structure having less defects 
than that of the monodomain region 23b. However, the 
concentration of the nickel elements in the monodomain 
region 23a is much higher than that of the nickel elements 
in the monodomain region 23b. 

This silicon film is patterned to form island-like 
regions 2 6a (the peripheral driving circuit region) and 2 6b 
(the matrix pixel element region) . Further, plasma CVD is 
performed to form a 1000 A thick silicon oxide film 27 from 
tetraethoxysilane (Si(OC2H 5 ) 4/ TEOS) and oxygen as a gate 
insulating film for the TFTs . 

Subsequently, sputtering is performed to deposit an 
aluminum film (containing 0.2 % silicon or scandium) to a 
thickness of 6000 to 8000 A, e.g., 6000 A. Instead of 
aluminum, tantalum, tungsten, titanium, or molybdenum may be 
used. The processes of forming the silicon oxide film 27 
and the aluminum film are preferably performed in accession. 

The aluminum film is patterned to form gate electrodes 
28a, 28b, and 28c of the TFTs. The surface of the aluminum 
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wirings is anodized to form oxide layers 29a, 29b, and 29c 
having a thickness of 2000 A. The anodization is carried 
out in an ethylene glycol solution including 1 - 5 % 
tartaric acid (Fig. 9C) . 

Plasma doping is performed to implant an impurity 
(phosphorus) into the silicon region. The doping gas is 
phosphine (PH 3 ) The acceleration voltage is 60 to 90 kV, 
e.g., 80 kV. The dose is 1 x 10*5 to 8 x 1015 cm-2, e.g., 2 x 
10 15 cm-2. As a result, an N-type impurity region 30a is 
formed. Also, the TFT on the left (N-channel type TFT) is 
masked with a photoresist, and then plasma doping is 
performed again to implant an impurity (boron) into the 
silicon regions of the TFT (P-channel type TFT) in the 
peripheral circuit region on the right and the TFT in the 
matrix region. In this case, the doping gas is diborane 
(B 2 H 6 ) . The acceleration voltage is 50 to 80 kV, e.g., 65 
kV. The dose is 1 x 1015 to 8 x 1015 cm-2, e.g., 5 x 1015 cm-2 
which is larger than that of phosphorus implanted earlier. 
Thus, P-type impurity regions 30b and 3 0c are formed. 

Laser annealing is performed to activate the impurities . 
The laser light is irradiated using a KrF excimer laser 
(having a wavelength of 248 run and a pulse width of 20 ns) . 
The energy density of the laser is 200 to 400 mJ/cm2 / e.g., 
250 mJ/cm2, and the number of shots for one location is 2 to 
10, e.g., 2 shots (Fig. 9D) . 

Plasma CVD is performed using TEOS as the raw material 
to form a 2000 A thick silicon oxide film 31 as an 
interlayer insulator, and then sputtering is performed to 
deposit an indium tin oxide (ITO) film having a thickness of 
500 to 1000 A, e.g., 800 A which is then etched to form a 
pixel electrode 32. Contact holes are formed in the 
interlayer insulator 31 to form source/drain electrode- 
wirings 33a, 33b, and 33c for the TFTs of the peripheral 
driving circuits and electrode-wirings 33d and 33e for the 
TFT for the pixel circuit, using a multilayer film made of 
metals such as titanium nitride and aluminum. The above 
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processes complete a semiconductor circuit (Fig. 9E) . 

In the semiconductor circuit thus fabricated, the TFTs 
for the peripheral driving circuit regions (the two TFTs on 
the left in the figure) have higher mobility and is capable 
of passing a high ON current therethrough, and the TFT 
provided in the matrix region (the one on the right in the 
figure) is a TFT which can not handle an ON current as high 
as that handled by the TFTs in the peripheral driver circuit 
regions but which is characterized in that the OFF current 
is relatively small. 
Sixth Embodiment 

In the embodiment, TFTs having desired characteristics 
are selectively provided by introducing metal elements that 
promote crystallization into an amorphous silicon film at 
different concentrations. , Especially, in an active matrix 
type liquid crystal display device, metal elements (nickel 
is used in the embodiment) are introduced into the 
peripheral driving circuit regions at a higher concentration 
and the metal elements are introduced into the matrix region 
at a lower concentration. 

Figs. 11A to HE show the embodiment. The two TFTs on 
the left are circuits constituting the peripheral circuit 
regions configured on a complementary type, and the TFT on 
the right in the figures is a switching TFT provided in the 
matrix region constituted by a plurality of pixels. 

After forming a 2000 A thick silicon oxide film 11 on a 
glass substrate 10 using sputtering as a base film, plasma 
CVD or low pressure thermal CVD is performed to form an 
amorphous silicon film having a thickness of 500 A. Then, a 
thin film 13 including nickel at a high concentration is 
selectively formed on the surface of the amorphous silicon 
film 12 and a film 101 including nickel at a lower 
concentration is formed (Fig. HA) . 

In this case, a nickel silicide film including nickel at 
a concentration of 1 x lO 1 ^ cm-3 is used as the film 13 
including nickel at a higher concentration, and a nickel 



30 



silicide film including nickel at a concentration of 8 x 10 16 
cm-3 is used as the film 101 including nickel at a lower 
concentration. The thickness of the nickel silicide film is 
on the order of several tens A. 

This arrangement makes it possible to selectively 
introduce nickel into the amorphous silicon film at 
different concentrations. The sample is irradiated by laser 
light in a state wherein it is heated to 550 °C to 
crystallize the amorphous silicon film 12. Thus, monodomain 
regions 12a and 12b are obtained. 

The monodomain region 12a includes nickel at a 
concentration higher than that in the monodomain region 12b. 

Further, the region 12a has less point defects. Therefore, 
the region 12a is a region suitable for the formation of a 
TFT which has high mobility and is capable of passing a high 
ON current therethrough. On the other hand, since the 
region 12b includes nickel at a lower concentration, this 
region is suitable for the formation of a TFT having low OFF 
current characteristics as a result of the limited mobility. 

After the plurality of monodomain regions as shown in 
Fig. 11B are formed, processes similar to those shown in 
Fig. 8C and the subsequent processes are performed to 
complete the circuit . 

The present invention makes it possible to form 
crystalline silicon TFTs capable of a .high speed operation 
and amorphous, silicon TFTs characterized by a low OFF 
current on the same substrate. The application of the 
present invention to liquid crystal displays will improve 
the productivity and characteristics thereof. Thus, the 
present invention is advantageous from the industrial point 
of view. 
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